The Screening for Osteoporosis in Older Women for the Prevention of Fracture (SCOOP) study was a community-based screening intervention in women aged 70 to 85 years in the United Kingdom. In the screening arm, licensed osteoporosis treatments were recommended in women identified to be at high risk of hip fracture using the FRAX risk assessment tool (including bone mineral density measurement). In the control arm, standard care was provided. Screening led to a 28% reduction in hip fractures over 5 years. In this planned post hoc analysis, we wished to examine for interactions between screening effectiveness on fracture outcome (any, osteoporotic, and hip fractures) on the one hand and baseline FRAX 10-year probability of hip fracture on the other. All analyses were conducted on an intention-to-treat basis, based on the group to which women were randomized, irrespective of whether screening was completed. Of 12,483 eligible participants, 6233 women were randomized to screening, with treatment recommended in 898 (14.4%). No evidence of an effect or interaction was observed for the outcomes of any fracture or osteoporotic fracture. In the screening arm, 54 fewer hip fractures were observed than in the control arm (164 versus 218, 2.6% versus 3.5%), and commensurate with treatment being targeted to those at highest hip fracture risk, the effect on hip fracture increased with baseline FRAX hip fracture probability (p ¼ 0.021 for interaction); for example, at the 10th percentile of baseline FRAX hip probability (2.6%), there was no evidence that hip fractures were reduced (hazard ratio [HR] ¼ 0.93; 95% confidence interval [CI] 0.71 to 1.23), but at the 90th percentile (16.6%), there was a 33% reduction (HR ¼ 0.67; 95% CI 0.53 to 0.84). Prior fracture and parental history of hip fracture positively influenced screening effectiveness on hip fracture risk. We conclude that women at high risk of hip fracture based on FRAX probability are responsive to appropriate osteoporosis management.
Introduction O ver the last few years, treatment based on the absolute risk of fracture has been incorporated into many national and international guidelines, given the availability of validated fracture risk assessment tools such as FRAX, launched in 2008. (1, 2) For example, in the United Kingdom, specific agedependent intervention thresholds based on 10-year probability of fracture are advocated by the National Osteoporosis Guideline Group in their recent NICE-accredited guidance. (3) A cornerstone of the clinical utility of fracture risk tools is that the risk identified should be reversible by bone-targeted therapies, and a number of post hoc analyses of phase 3 clinical trials have demonstrated that this is the case for risk identified by FRAX. (4) (5) (6) (7) (8) (9) (10) (11) Very recently, the first study that prospectively screened patients using FRAX probabilities to assess fracture risk (the Screening for Osteoporosis in Older Women for the Prevention of Fracture [SCOOP] study) has been published. (12) This UK multicenter study, largely primary care based, assessed the effectiveness of a FRAX-based, community screening program in women aged 70 to 85 years, with treatment targeted at women at high risk of hip fracture, compared with a control group receiving standard clinical care. The approach appears to be acceptable to both patients and GPs. (13) During 5 years of follow-up, prescriptions for antiosteoporosis medications were more frequent, and hip fracture incidence lower, in the screening intervention arm compared with the control arm ( Table 1) . Anti-osteoporosis medications were particularly frequently prescribed in those intervention participants classified as high fracture risk, and so we hypothesized that the effect of screening to reduce hip fractures would be greatest in women with higher baseline FRAX probability, with a consequent interaction between baseline FRAX hip fracture probability and screening effectiveness.
Materials and Methods
The SCOOP clinical study was a pragmatic, unblinded, twogroup, parallel, randomized controlled trial to assess the effectiveness and cost-effectiveness of screening to prevent fractures in older women; the design and results have been published previously. (12, 14) In brief, women aged 70 to 85 years, not already on osteoporosis medications but suitable to participate, were approached through primary-care lists in and around seven regions of England. Written, informed consent was obtained from all agreeing to participate, and they completed a self-filled questionnaire capturing the FRAX risk factors before being randomized to the intervention (screening) or control arm. Baseline data comprised age, sex, height, and weight for body mass index (BMI) calculation and dichotomized risk variables including a prior fragility fracture since the age of 50 years, parental history of hip fracture, current tobacco smoking, any long-term use of oral glucocorticoids, rheumatoid arthritis, other causes of secondary osteoporosis, and daily alcohol consumption of !3 units daily. If the respondent did not know the answer to an individual question, a negative response was assumed.
In the screening arm, the baseline risk factor questionnaire was used to calculate the 10-year probability of hip fracture using the FRAX risk algorithm. Women deemed at moderate to high risk of hip fracture were invited to undergo a dual-energy Xray absorptiometry (DXA) measurement of femoral neck bone mineral density (BMD) measurement and the 10-year hip fracture probability was recalculated with inclusion of BMD. The final risk category (low or high) was communicated to the participant and family doctor by letter; participants remaining at high risk after incorporation of BMD into FRAX were advised to make an appointment with their family doctor to discuss treatment options.
In the control arm, apart from a letter to the general practitioner informing them of their patient participating in the study, no additional information was provided and they received usual care. The baseline 10-year FRAX probabilities, without the inclusion of BMD, were calculated at the end of the trial for comparative purposes only.
During 5 years of follow-up, exposure to osteoporosis treatment was higher in the screening arm with around 24% of the screening arm participants receiving at least one prescription for anti-osteoporosis medication compared with 16% of the control arm. The difference reflected a high uptake of treatment in the high-risk group within the screening arm with 703 women (78.3% of the high-risk group) having received at least one prescription of anti-osteoporosis medication within 6 months of randomization.
Fracture outcomes
Only verified fractures at any anatomical site within the 5-year follow-up period were included as outcomes. In brief, we captured self-reported fractures as well as searching routine Hospital Episode Statistics data, comprising information on hospital inpatient stays and emergency department attendance, together with primary-care records to identify fractures in any of the study participants from the point of randomization until the end of follow-up. Only independently confirmed fractures were included. Incident osteoporosis-related fractures were defined as those excluding the hands, feet, nose, skull, or cervical vertebrae. Hip fractures were defined as verified fractures with a specific description of "neck of femur" or "proximal femur."
Statistical analysis
Because BMD measurements were not undertaken in all participants, the FRAX 10-year hip fracture probability calculated without BMD was used in the analyses because this was Adjusted for recruiting region, baseline FRAX probability, and falls.
available in both the control and intervention groups. A Poisson model was used to study the relationship between age, the time since baseline, invitation for screening, and FRAX 10-year probability of hip fracture on the one hand, and on the other hand, the risk of any fracture, osteoporotic fracture or hip fracture with only one fracture being counted per patient during follow-up (expressed as person-years). A reduction in hip fracture risk that showed no interaction, with a flat reduction in risk across the range of baseline risk, would have suggested that factors other than treatment could have explained the observed effect. All analyses were conducted on an intention-to-treat basis with participants analyzed according to the group to which they were randomized, irrespective of whether screening was completed. The hazard function was assumed to be exp-
-year probability Á screening). The beta coefficients reflect the importance of the variables as in a logistic model, and b x ¼ 0 denotes that the corresponding variable does not contribute to fracture risk. The variable "10-year probability Á screening" tested for an interaction between screening effectiveness and baseline 10-year probability, handled as a continuous variable, by determining if b 5 < >0. Hazard ratios (HR) for screening effect and 95% confidence intervals (95% CI) were computed as a continuous variable. For presentation, hazard ratios were shown at the 10th, 25th, 50th, 75th, and 90th percentile of fracture probability. Further analyses explored the interaction between effectiveness and individual clinical risk factors within FRAX to determine the drivers of any potential interaction. A similar analysis was conducted for any fracture and all incident osteoporotic fractures. An exploratory analysis used the 10-year probability of major osteoporotic fracture instead of hip fracture as the baseline risk.
Results

Baseline characteristics
A total of 12,483 women were randomized, with 6250 assigned to the control group and 6233 to the screening arm. The two groups were very similar at baseline (Table 2) , with a mean age of 75 years and mean BMI just under 27 kg/m 2 in both groups. The completion rates for the risk factors in the questionnaire were all above 90%, ranging from 92.6% for parental history of hip fracture to 99.9% for current smoking, and were similar in the screening and control arms. The prevalence of FRAX risk factors in the control group ranged from 3.6% for average alcohol intake above 3 units per day to 23.4% for prior fracture, with very similar rates in the screening arm. After DXA measurement of femoral neck BMD in 2817 women considered to be at moderate/high risk in the screening arm and recalculation of their FRAX hip fracture probabilities, 898 (14.4% of the screening arm) were identified to be at high risk and treatment recommended via their general practitioner. As expected, given the risk factors included in FRAX, these women tended to be older, have lower BMI, and a higher prevalence of risk factors than those in the control arm ( Table 2 ). The mean FRAX 10-year probability of hip fracture, calculated without BMD, was more than twofold higher in those identified at high risk compared with the control group.
Baseline FRAX hip fracture probability and observed incidence of fractures Over 5 years of follow-up, 3.5%, 11.6%, and 13.6% of the control arm sustained a new hip fracture, a new major osteoporotic fracture, or any new osteoporotic fracture, respectively. There was evidence of an increase in the observed incidence of hip and osteoporotic fractures in the control arm of the study (Fig. 1 ) across the range of baseline FRAX hip fracture probability. For example, the observed incidence of hip fracture was 6.5-fold higher in the highest quintile of baseline risk compared with the lowest quintile of risk. The incidence of osteoporotic fractures also increased in a stepwise fashion across the quintiles of risk, but the increase was less marked than that found in hip fractures, with only a 2.3-fold increase from lowest to highest quintile.
Effectiveness and relationship to FRAX
In Table 3 , the effects of screening on various categories of fracture outcomes are shown, according to the baseline FRAX 10-year probability of a hip fracture. The latter was entered as a continuous variable in the model, but for illustrative purposes, the table shows the effect at various values of baseline probability. Confidence estimates for the hazard ratio crossed unity at all probabilities for any fracture and osteoporotic fractures, with no evidence of an interaction between effectiveness and baseline FRAX hip fracture probability. In contrast, the hazard ratio showed an interaction with baseline FRAX hip fracture probability for the outcome of hip fracture (p ¼ 0.021), and the upper confidence intervals were below unity at higher baseline risk ( Table 3 ). The interaction between screening effect and fracture probability for the outcome of hip fracture is shown in Fig. 2 . At the median value of baseline hip fracture probability in the whole study population (6.3%), invitation for screening was associated with a 15% reduction in hip fracture risk albeit with a 95% CI that included the null. At the 90th centile of the whole population risk (16.8%), there was a larger 33% reduction with a 95% CI that excluded the null, and at the 90th centile of baseline risk in the high-risk population (32%), the reduction was even higher at 53% (95% CI 26% to 70%) (Fig. 2) .
Components of screening effect
In the context of evidence for an interaction between fracture probability and screening, we explored the potential drivers of the screening effect by examining the effect on hip fracture risk as a function of each variable within FRAX. For the continuous variables of age and BMI, there was no evidence of an interaction with screening. For example, at a BMI of 21 kg/m 2 , screening reduced hip fracture risk by 24% (HR ¼ 0.76; 95% CI 0.57 to 1.01), with a similar reduction at a BMI of 33 kg/m 2 (HR ¼ 0.73; 95% CI 0.47 to 1.14). BMD could not be included in this analysis because of its absence in the vast majority of women in the control arm. The interaction between screening effectiveness on hip fracture risk and the dichotomous variables within FRAX are shown in Table 4 . For both prior fracture and parental history of hip fracture, there was evidence of an interaction, with greater effect on hip fracture reduction in those with the risk factor present. In contrast, an interaction was observed for prevalent smoking whereby non-smokers appeared to achieve the benefit, whereas current smokers did not.
Discussion
The SCOOP study is the first prospective, randomized study to utilize the absolute risk of fracture, determined as the FRAX 10-year probability of hip fracture, as the means to target intervention to reduce fracture risk. It has demonstrated the effectiveness of a community-based, screening program in women aged 70 to 85 years to reduce hip fractures, showing an average 28% reduction in incidence. (12) Because intervention was targeted only at those women with high risk of hip fracture, we hypothesized that there would be an interaction between baseline risk and screening effectiveness, and the present analysis confirms this to be the case. In individuals at very high risk of hip fracture, the estimated reduction in hip fracture risk was more than 50%.
The study design of the SCOOP study has strengths and limitations. The pragmatic design, in which a novel strategy was directly compared with existing practice, allowed assessment of the effectiveness of the screening pathway in reducing hip fracture risk. (12) The main limitation is the lack of BMD measurements in some of the screening arm and the vast majority of the control arm, impairing the ability to undertake traditional post hoc subgroup analyses. However, the use of FRAX probabilities as a continuous variable has been used to investigate interactions with treatment effects in a number of previous analyses, (4) (5) (6) (7) (8) (9) (10) (11) and it is particularly apt for use in the current study where the exposure to treatment varied by the baseline risk. The greater reduction in hip fracture risk at higher baseline risk suggests that treatment rather than other factors explained the observed effect.
Exploratory examination of individual FRAX risk factors shows that the screening effectiveness was particularly influenced by the presence of the two most prevalent clinical risk factors in the high-risk group, namely prior fracture and parental history of hip fracture. For both risk factors, the effect of screening was greater in those with the risk factor present, raising questions about the potential underlying mechanism. The most obvious and most The p value is for the interaction between screening and the outcome.
likely mechanism, of course, is that these two factors drove the increased exposure to treatment in the intervention arm. The well-documented association between prior fracture and lower BMD might suggest that the greater effect was additionally mediated by the presence of a lower or osteoporotic BMD, but the evidence base for that is questionable for most antiresorptive medications. (15) The effective reduction in hip fracture risk in these 70-to 85-year-old women with prior fracture is, however, supportive of the many international and national guidelines, including those in the UK, which state that all such women should be strongly considered for osteoporosis therapy, without necessarily measuring BMD, recently recognized as an unmet need in closing the osteoporosis treatment gap. (1, 3, 16, 17) There is certainly little evidence for a strong relationship between a parental history of hip fracture and BMD; indeed, meta-analysis shows that the effect of parental history on fracture risk is almost completely independent of BMD. (18) A further potential explanation is that both factors may have influenced persistence as well as uptake of osteoporosis therapies, a hypothesis that will be explored in a subsequent analysis of the SCOOP study. Certainly, the study participants represented motivated volunteers with a higher level of education, more fracture risk factors but less frequent smoking exposure than nonparticipants. (12) The results of the SCOOP study have potential impacts on future health care policy, including the implementation of a screening strategy for fracture prevention. Indeed, a screening approach was recommended by NICE in 2012, when it proposed that all women aged 65 years or older and men aged 75 years or older should have a fracture risk assessment using the FRAX or QFracture tools. (19) In contrast to FRAX, the risk identified by the QFracture tool has not been examined for reversibility, intervention thresholds have not been defined, and QFracture does not permit the incorporation of BMD values into the risk assessment. The SCOOP study readily demonstrates the reversibility of high risk identified by FRAX; interestingly, the intervention thresholds used in SCOOP, defined before the launch of the first NOGG guidance in 2008, ranged from a FRAX 10-year probability of hip fracture from 5.24% in 70-to 75-yearolds to 8.99% in 85-year-olds. In the recently updated NOGG guidance, treatment is recommended in patients aged 70 years or older with a 10-year major osteoporotic fracture probability of at least 20% or a hip fracture probability of at least 5%, (3) thresholds that are associated with very acceptable costeffectiveness as concluded by the recent NICE HTA on oral and intravenous bisphosphonates. (20) Preliminary health economic analyses of the SCOOP study indicate that the cost per prevented hip fracture is less than £8000 and that the cost per quality-adjusted life year (QALY) gained, estimated under a number of different scenarios, is less than £20,000. (12) If one estimates that had screening been applied to the whole SCOOP study, then approximately 108 hip fractures would have been prevented. The original target population for the study comprised 52,033 women aged 70 to 85 years, suggesting that if the SCOOP strategy was applied across the whole population of 70-to 85-year-old women in the UK, estimated at 3.7 million (2016, mid-year estimate), (21) then almost 8000 hip fractures could be prevented each year; this could be further enhanced by mechanisms that extended the strategy to the two-thirds of eligible women who did not participate in the screening study, as well as combining osteoporosis treatment with falls prevention in eligible individuals.
In conclusion, the analysis demonstrates an interaction between baseline FRAX hip fracture probability and a subsequent reduction in hip fracture incidence in those at higher risk targeted for appropriate treatment. Treatment success appears to have been driven by factors that might influence treatment The p value represents significance for the interaction between presence and absence of the risk factor.
adherence, a hypothesis that can be investigated in subsequent analyses. Future studies should examine how this FRAX-based approach can be made available to, or accessible by, the wider community to achieve greater reductions in the number of hip fractures in the UK and elsewhere. 
